Experiments were carried out to analyse the cultivar differences in the composition and content of flavour compounds by applying the head space and high vacuum distillation methods.
is a very important quality determination factor(1-~7, 9---11,17).
Power and Chesnut (13, 14) reported for the first time that the aroma constituents of several varieties of apples consisted mainly of pentyl esters of formic, acetic and hexanoic acids, a considerable portion of acetaldehyde, geraniol and 280 COMPOSITION OF VOLATILE -traces of methyl and ethyl alcohol .
Flath et al. (2) studied the volatile compounds of `Delicious' apples, and pointed out that ethyl 2-methylbutyrate, hexanal and 2-hexanal were essential to the apple aroma. Katayama et al. (7) observed the presence of 15 compounds of esters and alcohols, and also Yajima et al. (18) identified sixty-seven compounds of hydrocarbons, alcohols, aldehydes, ketones, esters and miscellaneous compounds from the `Kogyoku' (`Jonathan') apple juice and peels.
However the content and composition of the volatile compounds obtained from apple fruit differ markedly from study to study depending on the methods of determination and apple cultivars employed.
To our knowledge, reports on differences of flavour in cultivars are not available except for the report stating that `Kogyoku' shows a high intensity of aroma and is suitable for juice making (7) .
The present study was undertaken to analyse the differences in the composition and content of the flavour compounds of five main cultivars in Japan and to obtain the suitability of the cultivars for processing along with establishing an index for breeding pro grams relating to flavour. Head space method : Seven to 9 fruits (1.722.8 kg) were placed in the apparatus illustrated in Figure 1 and kept at 20°C by using a water bath controlled by a ther mostat.
Nitrogen gas (5060 ml/min) which passed through a molecular sieve was blown over the apples for 24 hours.
The volatile compounds in the emerging gas stream were absorbed by two grams of Tenax-GC.
The volatile compounds trapped on the Tenax-GC were dissolved in ethyl ether. After the evaporation of ethyl ether by bubbling in purified nitrogen gas, the residual volatile compounds were dissolved in 10 ~cl of n-hexane containing 10% butyl benzene as an internal standard, and part of this solution was injected into a gas chroma tograph.
High vacuum distillation method : A modification of the method developed previously by Katayama et al. (7) was applied in this experiment.
Seven or 9 apples were used for analysis.
Each fruit was cut into quar ters and cored to give 2 kg or more of fruit flesh. Two kg of the flesh were homogenized with 400 ml water containing 20 g of NaCI under cooled conditions to inhibit enzymatic activity (5, 15) .
All of the homogenate was poured into a 51 flask illustrated in Figure 2 . The flask was connected to a set of four cold traps at the end of which stood a vacuum pump. The volatile compounds were distilled off under the reduced pressure of 0.1.0.2 mm Hg by bubbling the purified nitrogen gas at the temperature of 35°C for 6 hours. Evaporated volatile compounds under reduced pressure were caught by sequential trapping in cooled ethyl alcohol, dry ice and dry ice-acetone.
Cold trap condensate con taming water was collected together, the apparatus was rinsed with 100 ml of ethyl ether and the two solutions were mixed. The mixed solution was salted out by 200 g of NaCI, and the water phase washed three times with ethyl ether(200 ml). This solution was added to the original ether solution to obtain 300 ml of extracting solution for the volatile compounds.
The ethyl ether solution was dehydrated by 30 g of magnesium sulfate.
After filtration of this solution, ethyl ether was evaporated by a rotary evaporator at a low temperature to obtain the volatile compounds as a residue.
The residue was dissolved into 30011 of n-hexane containing butyl benzene as internal standard and analysed by gaschromatography.
Butyl benzene was selected as the internal standard since its retention time coincided with an uncrowded region of the apple flavour chromatogram and since it was not a constituent of apple juice.
Gas chromatography and gas chromatography-mass spectrometry Gas chromatographic data were obtained using a Shimadzu GC-9 A gas chromatograph fitted with a flame ionization detector and using 50 m x 0.25 mm fused silica capillary columns coated with FFAP (WCOT, Gaschro Ind.).
The instrument was operated at a nitrogen flow of 0.8 ml/min and the column oven temperature of 70° to 200°C was pro grammed at a rate of 3°C/min with a sample size of 0.1 pl.
A Hewlett Packard 5992 B GC-MS system scanning at 70 ev was used to record mass spectra data. The columns were similar to those used for analytical gas chromatography. After an initial isothermal period of 3 min the columns were programmed from 100° to 200°C at a rate of increase of 5°C/min. Volatile compounds were indicated in ppm of the fresh weight.
Authentic samples were obtained for all the compounds detected in the apple volatile substances and identified by retention time and mass spectral analysis.
Retention times of these compounds were determined under the gas chromatographic condition described above to identify the volatile compounds of apple fruit samples.
Results and Discussion
Volatile compounds identified by the application of the head space method A typical gas chromatographic pattern of the volatile compounds of `Kogyoku' fruits obtained by the head space method is illustrated in Figure 3 . Seventy to 80 compounds were detected in the gas chromatogram peaks of which 39 compounds were identified by gas chromatography-mass spectrometry. The classes of compounds identified included 27 kinds of esters, 6 of alcohols, 2 of aldehydes, 2 of hydrocarbons, a phenol and an acid.
In these classes of compounds, the most abundant volatile constituents consisted of esters.
Alcohols, aldehydes, hydrocarbons, phenol and acid were minor compounds in quantity.
Of the volatile compounds detect by applying ed and identified in the cultivars used, butyl acetate, 2-methylbutyl acetate, hexyl acetate, hexyl propionate, hexyl butyrate and hexyl 2-methylbutyrate were found to be the major constituents accounting for the quantity.
Compared with the results previously obtained (1~3, 7,12,15 component part of volatile compounds estimated by the head space method are also illustrated in Figure 5 . The high percentage of esters recovered by this method which ranged from 81.8% (`Fuji') to 96.4% (`Golden Delicious') (as indicated in Figure 5 ) may indicate the ability of esterification in the fruits themselves, since the volatile compounds emanated from fresh whole fruit.
As mentioned above, esters are the most abundant volatile compounds especially in the cultivars `Hatsuaki' and `Kogyoku'.
Schreier et at. (16) classified the apple cultivars with volatile compounds into the ester type and the alcohol type of apples.
Results obtained in the cultivar `Kogyoku' (`Janathan') and related cultivar `Hatsuaki' agreed with the report of Schreier who that stated these cultivars belong to the ester type.
As shown in Table 1 and Figure 4 , the total content of volatile compounds was the highest in `Hatsuaki' (1.889 ppm), followed in descending order by `Kyogyoku' (1.531 ppm), `Golden Delicious' (0.196 ppm), `Mutsu' (0. 187 ppm) and `Fuji' (0. 055 ppm). The cultivar `Hatsuaki' contained 35 times the amount of volatile compounds of `Fuji' which was the lowest among the cultivars examined. Brown et at. (1) reported that many volatile substances reached maximum levels at a time which nearly coincides with the respiratory climacteric.
Although the respiration climacteric was not estimated in the present materials, it can be concluded that individual amounts of volatile substances reflect the cultivar differences as the fruits were used 10 days after the optimum picking time for every cultivars.
Cultivar differences of volatile compounds shown in Figure 4 , suggested that the Hatsuaki' and `Kogyoku' have a high ability of emanation of volatile compounds from the whole fruit.
In taking into account the organoleptic evaluation of apple flavour in relation to the method of recovery, the head space method may be more suitable for the estimation of flavour intensity by olfactory tests.
Volatile compounds identified by the application o f the high vacuum distillation method Table 2 shows the amounts of volatile compounds detected from the fruit homogenate of the respective cultivars by the high vacuum distillation and gas chromatographic method.
Few differences were observed in the composition and content of the volatile compounds detected by the high vacuum distillation method compared to the head space method.
Esters of hexyl acetate, butyl acetate, 2-methylbutyl acetate and alcohols comprising butyl alcohol, hexyl alcohol were the major components estimated by the high vaccum distillation method.
In contrast, the total amount of volatile compounds recovered by the high vacuum distillation method for 6 hours was higher than that of the volatile compounds collected for 24 hours by the head space method.
Figures 6 and 7 indicate the total contents of volatile compounds or percentage of individual classes of esters, alcohols, aldehydes, hydrocarbons, phenol and acid, respectively. It was recognized that the class of alcohols was the most abundant ( Figure 6 ) showing a percentage ranging from 53.3% in `Hatsuaki' to 75.5% in `Fuji' (Figure 7 ). On the other hand, the percentage of esters which accounted for 80% or more of the total content in the case of the head space method was very low ranging from 11.4% in `Fuji' to 33.3% in `Hatsuaki' when the high vaccum distillation method was applied.
In the other classes of volatile compounds, the concentrations were very low except for the aldehydes which showed a relatively high content compared to that detected by the head space method..
The reason why the content of the esters is low in the high vacuum distillation method may be ascribed to the fact that the esters did not evolve continuously, since the fruit was crushed and lost the ability of esterification as in the case of controlled atmosphere storage (8) .
The total amounts of volatile compounds recovered by the high vacuum distillation method were highest in the cultivar `Kogyoku', 9.415 ppm ( Table 2) followed by `Hatsuaki' 8.936 ppm, `Golden Delicious' 5.964 ppm, `Mutsu' 3.711 ppm and lastly `Fu It has been shown that the cultivars `Kogyoku' and `Hatsuaki' both of which contain high levels of volatile compounds may be used for the improvement of the flavour in fruit processing and breeding programs.
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